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Enterobacterales (E. coli, K. pneumoniae…)

Clinically-relevant multidrug-resistant Gram negatives

Pseudomonas aeruginosa

Acinetobacter baumannii



Penicillins Cephalosporins Carbapenems

Extended-spectrum  ß-lactamases 
in Gram negatives 

Extended-spectrum ß-lactamases (ESBL); CTX-M
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Multidrug resistance of ESBL-producing 
Escherichia coli



Enterobacteriaceae: Resistance to
3rd Generation Cephalosporins

2005 2011

E.coli

K.pneumoniae

2016

EARS-Net surveillance data, November 2017



Enterobacteriaceae (++Enterobacter spp.)

Resistance to CIIIG

•Overproduced  
cephalosporinase
•Plasmid-mediated  
cephalosporinase
•Plasmid-mediated  
ESBL

Decreased OM permeability

Additional Resistance to carbapenems

Carbapenem Resistance:  
the most frequent mechanisms of 
resistance in Enterobacteriales

Lee EH, Nicolas MH, Kitzis MD, Pialoux G, Collatz E, Gutmann L.  
Association of two resistance mechanisms in a clinical isolate of  
Enterobacter cloacae with high-level resistance to imipenem.
Antimicrob Agents Chemother. 1991, 35:1093-8.
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Carbapenemases

Important Emerging Resistances to Antibiotics

Carbapenems



Carbapenemases; triple difficulties

• Difficulty of detection
• Difficulty of treatment (owing to their multidrug-

resistant character, with few drugs remaining
active)

• Difficulty to limit their transmission and spread and
therefore to control outbreaks (local, regional, national,
pandemic).. Spread as a community-acquired pathogen



Emergence of carbapenemases
in Enterobacteriaceae worldwide
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Penicillins Cephalosporins
1st et 2nd

generation*
ß-lactams/
Inhibitors of

ß-lactamases

Carbapenems

Ambler class

Cephalosporins
3rd /4 th 

generation
cefepime
cefpirome

Enzyme

A

B
Metallo-enzymes*: NDM-1 VIM, IMP.. 

* Aztreonam excluded

D
Oxacillinases =OXA-48, OXA-163, OXA-181.. 

The carbapenemases in Enterobacteriaceae 

Penicillinases derivatives: KPC, IMI, GES..





Unknown
Sporadic spread
Outbreaks reported
Endemicity

KPC producers

Worldwide Epidemiology of 
Carbapenemase-producing Enterobacteriaceae

Bonomo et al., CID 2018; 
Nordmann et al. EID 2015

K. pneumoniae- hospitals





Wordwide spread of
NDM carbapenemases  in Enterobacteriaceae

Nordmann et al EID 2015



Antibiotic resistance of Escherichia coli in India

Center for Diseases Dynamics, Economics & Policy (cddep.org)

11%



Antibiotic resistance of Klebsiella 
pneumoniae in India

Center for Diseases Dynamics, Economics & Policy (cddep.org)

65%



K. pneumoniae



Unknown distribution of OXA-48-like producers
Sporadic spread of OXA-48-like producers
Outbreaks due to OXA-48-like producers
Endemicity of OXA-48-like producers 

OXA-48-like producers- Enterobacterales, 2018

Adapted from Nordmann & Poirel, 2016 Clin Microb Infect,

Key
- - Variable resistance levels to carbapenems
- Main known reservoirs; North Africa, Middle 

East, Turkey and India
- Community aquisition(+++) High frequency

transfer
- K. pneumoniae, E.cloacae, E.coli (++)





E. coli OXA-244 (OXA-48-like) 



International spread of  E. coli OXA-244  at 
least in Switzerland, Germany, France, UK, 

the Netherlands…



Carbapenem resistance K. pneumoniae
Bacteremia. 2018



Carbapenemase producers are spreading now also
in the community; NDM and OXA-48 like enzymes



Important Emerging Resistances to Antibiotics

Aminoglycosides

16S rRNA methylases
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Main mechanisms of resistance to aminoglycosides  
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16s RNA methylase , RmtB in K. 
pneumoniae



Wachino & Arakawa, Drug Resist Updates 2012; 15:133-148

Usually <1%
(5-10% in East Asia)

Prevalence / distribution of 16S rRNA methylases



Multidrug-resistance K. pneumoniae

RmtFNDM-1



Resistance to 
polymyxins

Important Emerging Resistances to Antibiotics

Polymyxins



Plasmid-mediated resistance to colistin

Lancet Infect Dis, Nov 28, 2015



Modification of the chemical structure of the LPS

Modifications :

-Addition of phosphoethanolamine (pEtN)

-Addition of 4-amino-4-deoxyl-L-arabinose 
(Ara4N)

èAdaptation against hostile environment

èLower affinity for cationic molecules such as 
colistin 



A One-health world; plasmid-mediated colistin resistance 
(MCR) 

… very rare in humans, in western Europe 



Chromosome-encoded resistance to colistin



Klebsiella pneumoniae : resistance to carbapenems and 
colistin

EARS-Net surveillance data, November 2017

Carbapenem+colistin-RCarbapenem-R



Pseudomonas aeruginosa



Efflux

ß-lactamases

Perméabilité 
membranairePLP

• Faible perméabilité 

membranaire (100 fois 

moindre que celle de E. coli  

pour la céfalotine)

• Systèmes d’efflux  

constitutifs :  au moins une 

douzaine...

• Expression d’une 

céphalosporinase naturelle 

(AmpC) chromosomique et 

inductible

P. aeruginosa





http://atlas.ecdc.europa.eu/public/index.aspx?Instance=GeneralAtlas

*Resistance to three or more than three
antibiotics or antibiotic families 

(piperacillin/tazobactam, ceftazidime, 
aminoglycosides, fluoroquinolones, 

carbapenems)

Multiresistance* in  P. aeruginosa (2015)



Acinetobacter baumannii



Efflux

Permeability
PBP

• Low membrane permeability
(3% that of E. coli  for 
cefalotin)

• Constitutive efflux systems :  3 
described AdeABC...

• Expression of naturally- and 
chromosomally- occurring ß-
lactamases

- cephalosporinase (AmpC) 

- oxacillinase (OXA-51)

The secrets of 
a successful resistance

ß-Lactamases





Carbapenem resistance A. baumannii
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Courtesy Prof P. Plésiat



Multidrug-resistant A. 
baumannii OXA-23

TCC ATM CAZ MOX

CTX IPM AMC FEP

FOX CXM CTT CF

TZP PIP TIC AMX

FOS CS RA SXT

CIP PEF NOR NA

TET C MEC K

AN NET TM GM



A. baumannii NDM-1



Novel ß-lactam-containing antibiotics

Novel cephalosporin + old inhibitor

Ceftolozane + tazobactam 

Novel inhibitor + old ß-lactam

Avibactam + ceftazidime
Avibactam + aztreonam
Relebactam + imipenem
Vaborbactam + meropenem



Theoritical activity of novel antibiotics against
carbapenemase producers 

Antibiotics Carbapenemases

• Ceftazidime /avibactam       KPC, OXA-48
• Aztreonam/avibactam          KPC, OXA-48, NDM
• Meropenem/varbobactam KPC, OXA-48
• Imipenem/ relebactam KPC, OXA-48 ?
• Cefiderocol KPC, OXA-48, NDM
• Eravacycline KPC, OXA-48, NDM



Enterobacterales Pseudomonas spp. Acinetobact
er spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Ceftazidime-avibactam

CTX-M-15 (D182Y, L169Q, 
S130G)

KPC overexpression and mostly
KPC-2/3 (D179Y, L169P, V240G, A177E T243M, 

aa insertion at 259…)

OXA-48 (P68A, 
YY211S) 

Overexpression of 
MexA, mutations in 

mexA/mexB

AmpC overexpression
AmpC ꭥ-loop deletion

Active

Inactive

Partial/unreliable
activity
Potential
resistance



2019
Ceftazidime/avibactam



Enterobacterales P. aeruginosa A. baumannii

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Aztreonam-avibactam

Active

Inactive

Partial/unreliable
activity
Potential
resistance



Aztreonam-avibactam resistance

2020



Enterobacterales Pseudomonas spp. Acinetobacter 
spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Ceftolozane-tazobactam

GES-6, PER-1

CMY-136

ESBLs
80%

AmpC overexpression
mutations en
Chromosomal

cephalosporinase

OprD inactivating mutations

Other resistance mechanisms
GES-6, PER-1

Active

Inactive

Partial/unreliable
activity
Potential
resistance

K. 
pneumoniae



Enterobacterales Pseudomonas spp. Acinetobact
er spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Meropenem-vaborbactam

K. pneumoniae ompK36 porin mutation, non-
functional OmpK35-37

Active

Inactive

Partial/unreliable
activity
Potential
resistance



Enterobacterales Pseudomonas spp. Acinetobact
er spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Imipenem-relebactam

Active

Inactive

Partial/unreliable
activity
Potential
resistance



Enterobacterales Pseudomonas spp. Acinetobact
er spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Cefiderocol

Active

Inactive

Partial/unreliable
activity
Potential
resistance

PER and NDM may potentially
contribute to cefiderocol resistance

P. aeruginosa
Overexpression of FecA (ferric citrate 

transporter)



Antibiotic Enterobacterales P. aeruginosa A. baumannii

ESBL KPC OXA-48 MBLs Efflux AmpC MBLs OprD loss

Eravacycline

Plazomicin

Sulopenem s s s s s s s s

Taniborbactam-cefepime s -

Enmetazobactam-cefepime s s s s s s s

Other antibiotics

Active

Inactive

Partial/unreliable
activity
Potential
resistance



WHO's 'priority pathogens' list 
highlights urgent need for new drugs

Feb 27, 2017Priority 1: Critical
•Enterobacteriaceae, carbapenem-resistant, 
ESBL-producing.
•Pseudomonas aeruginosa, carbapenem-
resistant.
•Acinetobacter baumannii, carbapenem-
resistant.
•
Priority 2: High
• Enterococcus faecium, vancomycin-resistant.
• Staphylococcus aureus, methicillin-resistant, 
vancomycin-intermediate and resistant.
• Helicobacter pylori, clarithromycin-resistant.
• Campylobacter spp., fluoroquinolone-resistant.
• Salmonella, fluoroquinolone-resistant.
•Neisseria gonorrhoeae, cephalosporin-
resistant, fluoroquinolone-resistant.

Priority 3: Medium
•Streptococcus pneumoniae, penicillin-non-
susceptible.
•Haemophilus influenzae, ampicillin-resistant.
•Shigella spp., fluoroquinolone-resistant.

https://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-
bacteria-for-which-new-antibiotics-are-urgently-needed. Last accessed 05.11.2019

https://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

